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ABSTRACT 

Mixtures of peracetylated P-L-arabinopyranose 1,2-(alkyl orthoacetates) and 

the corresponding a-L-arabinopyranosides, in ratios as high as 1 : 1.3, have been 

obtained from primary, secondary, and tertiary alcohols and 2,3,4-tri-O-acetyl-P-L- 

arabinosyl bromide, by reaction in dichloromethane-diethyl ether (3 : 1) in the presence 

of silver oxide and anhydrous calcium sulfate. Orthoester formation decreased when 

dichloromethane was replaced by the less-polar chloroform or carbon tetrachloride, 

and also when diethyl ether was replaced by the more bulky dibutyl or di-isopropyl 

ethers. The product distribution, which is unusual for Koenigs-Knorr condensations 

involving 1,2-cis acylglycosyl halides in the presence of silver oxide, may be ascribed 

to competitive inhibition of glycoside formation by complexation of the intermediate 

glycosyl cation with ether and to solvent polarity effects. 

INTRODUCTION 

Koenigs-Knorr condensation of alcohols and I ,2-cis acylglycosyl halides, in 

some cases, has produced 1,2-cis orthoesters instead of, or in addition to, the usual 

1,2-trans glycosides’. This has been achieved by using such special solvent-catalyst 

systems as nitromethane-collidine’, ethyl acetate-lead carbonate3, or tetrahydro- 

furan and, mainly, organic silver salts, which were left to react with the glycosyl 

halide before the alcohol was added4- 7. Most of this published work has been 

restricted to the gfuco series. We now report that mixtures of peracetylated 1,2-cis 

orthoacetates and 1,2-trans glycopyranosides may also be formed from the respective 

1,2-cis arabinopyranosyl bromide and a variety of alcohols, using standard Koenigs- 

Knorr catalyst and solvents, namely, silver oxide and dichloromethane-diethyl ether. 

RESULTS AND DISCUSSION 

When a solution of 2,3,4-tri-@acetyl-fl-L-arabinopyranosyl bromide (1) in 

dichloromethane was added slowly to an ethereal solution of 2-phenylethanol con- 
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taming silver oxide and anhydrous calcium sulfate, the arabinopyranoside 4 and the 

orthoester 14 were formed in the ratio of - 7 : 1. 

When the reactton was repeated. using dichloromethane-diethyl ether (3 : 1) 

as the solvent for both 1 and Z-phenylethanol. nearly equal amounts of 4 and 14 

were isolated (Table I ), and t.1.c. indicated that the product ratio WAS ~~p~r~~xilnately 

constant from the beginning of the reaction. With this solvent system, mixtures of 

the perdcetylated orthoesters 12-21 and the arabinopyranosides 2--l 1 were also formed 

from 1 and nine primary, secondary. and tertiary alcohols. The ditferences in compo- 

nent ratios (Table I) should not be over-interpreted, as the two products are difficult 

to separate. and decomposition of the orthoester during the isolatton procedure 

cannot be completely avotdcd. Apparently, aralkyl alcohols tend to yield slightly 

more, and bulky aliphatic alcohols considerabty icss. than the average amount of 

orthoester. These usually appeared as - 3 : 1 mixtures of their (a.10 and UK/~) isomers, 

except for 20, which was mostly CYO. 

The sample of 1 used m the above reactions was not contaminated by the X-L 

anomer (which would nt~rmalty yield ~~rtll~~~sters). as evidenced by m.p., specific 

rotation. and n.m.r. data. and did not mutarotate in dichlorometh~~ne----diethyl ether 
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TABLE I 

RATIOS OF PERACETYLATED /3-L-ARABINOPYRANOSE 1,2-oru1~o~cEr,4~~s AND a-L-ARABINoPYRANosIDEs 
FORMED BY CONDENSATION OF 1 WITH ALCOHOLS IN DICHLOROMETHANE-ETHER (3 : 1) 

Orthoester Glycoside Total yieldn (9;) Ratio of 
(orthoester i- glycoside) orthoester to 

glycoside 

12 2 78 1 : 1.3 
13 3 38” 1:1.4 
14 4 74 1 : 1.3 
15 5 62 1 :I.9 
16 6 88 1 r2.6 
17 7 74 113.6 
18 a 67 1~2.9 
19 9 64 112.3 
20 10 37c 114.8 
21 11 2gd 1 :13.0 

~_ ._ ___.~ ~~ 

aBased on 1. bBy-products: 22, 3296; 24, 69;; 25 obscured by unreacted p-nitrophenylmethanol. 
CBy-products: 22, 4396 ; 24, 3::;; 25, 4:,6. dBy-products: 22, 4596; 24, 8oi; 25, 796. 

TABLE II 

SOLVENT INFLUENCE ON THE FORMATION OF 14 AND 4 IN CONDENSATIONS OF 1 WITH 2-PHENYLETHANOL 

Solvent (volrtme ratio) Yield (9;) 
of1444 

Ratio of 
14:4 

Dichloromethane-ether (75 : 25) 
Dichloromethane-chloroform-ether (50 : 25 :25) 
Dichloromethane-chloroform-ether (25 : 50 :25) 
Chloroformether (75 : 25) 
Chloroform-ether (49 : 51)~ 
Carbon tetrachlorideether (75 : 25) 
Dichloromethane-di-isopropyl ether (75 : 25) 
Dichloromethane-dibutyl ether (75 : 25) 

74 1 :1.3 
71 1 :2.0 
71 1 :8.8 
60 n.o.c 
n.d.h n.o.c 
64 n.o.= 
76 1:3.7 
73 1 : 6.9 

aChloroform-ether mixture having maximal dielectric constant*, i.e., 6.0 at 20”. ONot determined. 
CNO orthoesters detected. 

Compounds 2-21 were characterised by elemental analysis (Table III), and by 13C- 

and ‘H-n.m.r. spectroscopy (Tables IV and V). 

Syntheses of orthoesters from I ,2-cis acylglycosyl halides’- ’ often involve the 

use of nucleophilic solvents as one of the critical conditions. However, only minute 

amounts of 14 were formed when 1 and 2-phenylethanol were condensed in diethyl 

ether or in dichloromethane. In dichloromethane-diethyl ether mixtures, on the 

other hand, the 14:4 ratio increased with increase in the concentration of ether, to 

reach a maximum at -25 % per volume (17 mol yi), and then decreased (Fig. 1). 
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TABLE III 

V. MAGNIJS. D. VIKIt’-TOPIC. S. ISRRI~, S. KVEDER 

D4TA FOR THE PERACETYL4TtD S(-l_-4RABIIVOP~R4~~)SII)ES (2 -11) 4NLl ~-L-4R4BIKOPYRANOSt I.:- 

ORTHt14CET4Tf-S” (12-21) 

2 ‘0 (c 5)” 

12 
59.01 6.05 

3 -~-II CC 5) 
13 
4 x (C 0.7) 

14 
59.99 6.36 

5 ’ 21 (c 6) 
IS 

60.90 6.64 

6 ii (c 2)” 
16’ 

49.h5 6.25 -- 

7 1 9 cc 5)” 
17 

51.31 6.63 

8 I 4 (c hJ 
18 

52.83 6.97 

9 IO (C 4) 
19 

52.X3 6 9’ 

10” I Cc3) 
20 

56.66 7.43 

1 1 ” : 26 (c 2) 
21 

5171 7.2 

“e.uo.edo Mixtures variable IJI fbomer composition and optical rotation ‘jln chloroform solution. 
<Lit 26 73.3 . -_ “C‘alc.: N. 3.50. Found: N, 3.38. “Lit.” n-enantlomorph. I I .<I ‘Dewribcd b! 

Kochetkov c’/ N/.-‘~~. (‘Lit. :” ~1 7 “M.p.: 10, 120-171 : I I, I I I ; all other compounds were syrups. 

lNot determlned; quantities obtained did not permit microanaly\ls. 

The same kind of solvent dependence of orthoester formation was observed with 

3-phenylpropan-l-01 and /I-nitrophenylmethanol. These results suggest that inter- 

action of solvent with 1 determines the ratio of products. 

Mixtures of an ether and a partially halogenated alhane may bu more polar 

than either component’. ou ing to the formation of hydrogen-bonded complexes’. 

Thus. although the dlclectric constant of dichlnromcthane’ (11 = X.93) is about 

twice that of diethyl ether’ (D = 3.34). it should increase cvcn further on combining 

these solvents in certain ratios. It was therefore suspected that orthoestcr formation 

in dichlor-omcthane-dlethyl ether mixtures was due. at least partially. to this incrcasc 

in solvent polarity. To verify this. the diethyl ether content of the \vl\ent was kept 

constant, and the dichloromethanc was gradually replaced hq chloroform. Fvhich 

form5 less-polar ether complsxe5’ (D,,,,, = h.OO), or by carbon tetrnchloride (0 = 

7.23) which does not form :I complcx8. As expected, the 14:4 ratio decreased markedly 

(Table II J. 

Orthoester formation also decreased when dlethyl ether was replaced by the 
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Ether (“1.1 

80 70 60 50 Lo 30 20 

Dichloromethane (‘i.) 

SOLVENT COMPOSITION 

Fig. 1. Solvent dependence of 14:4 product ratios for the condensation of 1 and 2-phenylethanot. 
The figures are weight ratios determined after preparative t.l.c. of product mixtures. Total yields 
(14 -I- 4) were 58-7476. 

u-L-Arabinopyranoride 

-0 \a/ 
\? 

-0 

\ 

-0 

\ 

-6 4 +,R’ 

C o-e 
tie 0 

o-c-o 
tie ‘R’ 8 

R’= Et,‘Pr,Bu 

R = Alkyl 

p-c-Arabmpyrcnosr 1.2-w thou&ate 

Scheme 1. Proposed mechanism for the com~titive fo~ation of peracetylat~ sr-L-arabino- 
pyranosides and /7-r_-arabinopyranose 1,2-orthoacetates in ether-containing solvents. 
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equally polar and nucleophilic, but more bulky. di-isopropyl and dibutyl ethers 

(Table II). This Indicates some specific effect ofthe ether on the courseofthe reactions. 

The explanation for these results proposed in Scheme I is based on Inter- 

mediates that have been proved7.‘” (C) or postulated’ ’ (R) to esist in related systems, 

or which were deduced by straightforward analogies (A.D). The free cations shown arc 

assumed to be in solbent-dependent equilibria with the corresponding. ~ntmate ion- 

pairs involving the bromide ion. The ambident sugar catlon formcdl 2 by silver ion- 

catalysed dissociation of 1 is presented as an equilihrlum misture 01‘ the glycos>l 

cation and the acetoxonium ion. Thebe cquiiibrntc with ether compichcs C and ii, 

which are not subject to further transfornmations. and with alcohol complexes .d 

and B, which are irreversibly deprotonatcd to give the 7-I.-arahinop~ranoside and 

the ~-L-arabinopyranose I .I-orthoacctate, respectively. 

Although the glycosyl cation is more reactive tolvards alcohols than 1s the 

acetoxonium ion. and thus r-L-arabinopyranoside\ ;lrc always the preponderant 

condensation products, there heem to be two way\ ofpromotmg orthoexter formation 

in dichloromcthane~dicthyl ether mlutures. Firstly, the positikc charge of the acetoxo- 

nium ion is more dispersed, the cflectivc ion radius larger, and the resulting attraction 

of its counter anion smaller than for the glycosyl cation. Dichictr-ornelhanc-dlcth),l 

ether mixtures shouid be surlicientiy p&r to promote dissociation oi‘ these, more 

loosely associated, ion pairs. The pool of free ions should then be rrlatr~~ely enriched 

in the acctoxonium ion and its derivatives A and I>. As free ions are generally more 

accessible to reactants than those bound in ion pair3, the formaticjn (>I‘ orthoestcrb 

should be promoted. 

Secondly, in an cthcr-containing solvent, and without an excess of the aglycon 

alcohol, a significant fraction of the sugar reactant should be in the form of ethel 

complexes C and D. For the condensatron to proceed, these complexes have to 

dissociate to the uncomplcxed glycosyl and acetoxonium Iclns, which may then be 

captured by the alcohol. As C ia stabilised by the revel-be anomcric elyect. its di\so- 

ciation requires more cncrgy than that of L7. This Shouili bring about partiai competi- 

tive inhibition, by dIethy &her. of the glycosidc pathway. causing the arabinos~l 

bromide also to react vice the nrthoestrr route. 

The effect of competitive Inhibitors can generally be revcr-sed by an excess of 

the reactant. Indeed, increasing the concentration of 2-phenylethanoi ( - IO-fold) 

reduced the relative yield of 14 ( - 1%fold ). 

In summary, orthoc\ter formatton from I.:-C?.S acylglycosql halides may be 

interpreted as a backdoor mechanism operating when the glycosyl cation is competi- 

tively complexed by a non-rcactivc nucleophile, in a sufkiciently polx solvent. This 

interpretation could also csplain other results- -. as iveIl as the partial inhibition 

by diethyi ether of orthocstcr formation from the I ,2-fr-mrs 2,3,~.h-t~tro-C)-acctyl-r-D- 
mannopyranosyl bromide (the complex corresponding to (’ (Scheme 1 ) i4 rkrtrrhi/i.w/ 

by the reverse anomeric cfkct )” “. 

The reaction of 1 with hydroxy compounds other than alcohols, In dichloro- 

methane-diethyl ether (3 : 1 ). was not studied systematically. However. some conclu- 
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sions are possible from the structure of the by-products, which were obtained in all 
condensations with alcohols, and even preponderant with those of low reactivity. 

The most prominent by-product was identified, by independent synthesis, as 
2,3,4-trj-~-a~etyl-L-arabi~opyranose (22). Its formation did not require the presence 
of an alcohol; most probably it was Formed by hydrolysis of 1 with the water adsorbed 
to silver oxideI even after extensive drying. 

Each isolated sample of 22 showed an @-ratio of N 3 : 7. That this is not merely 
due to mutarotation during purification was indicated by two further by-products 
th.z+ mw,m.oll~r ~,.,.m,,rr~t&.rl 99 Thnxr .ZIL\..~JI ;lia,t;fiml h,, c,~~lrw,., ..,;th r\hn-rrrn+:z..,n LLlLcL ~~ULIIIIUklJ UU\I”IILtJUIw.” -1. 1 Z&J wb,il* ‘UbI‘1-1IIc-U) “J QLILLI”&y WlCi‘ ““SGL Yauv113 

in the gluco’” and ~unno15 series, as peracetyIated ~-I,-arabinopyranose I ,2-ortho- 
acetates (24 and 25) containing either 22a or 228 as the alcohol moiety. It is probable 
that 24 and 25 are formed by the reaction l2 of 22 and 1. Indeed, when 22@ reacted 
with 1 in dichloromethane-diethyl ether, orthoesters 24and 25 were the main products. 
Of their gtycosidic analogues, only the pera~etylat~d ~-L-arabinopyranosyl 
arabinopyranos~d~ (26), formed in very small yield, was identi~ed (tentatively), 

LX-L- 

a4 

These side-reactions may also be explained in terms of Scheme 1, assuming 
competition of several reactive nucleophiles; 22a most probably arises via A (R = H), 
and also via B (R = H) and subsequent rearrangement of the resulting, unstable 
nrthnarid 2113. ______-1_- __ Clonccrnina the fnrmdon of 22R. y&r m&r.& _may he small . --__i___.___m __-_ -__----_--__ __ -_r, 

enough to attack C, or the glycosyl cation, from the axial side, whereas larger nucleo- 
philes are hindered by the bulky AcO-2, Also, the orthoester-~lycoside rearrangement, 
and hence the conversion 23+22a, may not be stereospecificz6. The preponderant 
orthoester (24,25) formation from 1 and 22, as opposed to the preponderant glycoside 
formation from alcohols, may be due to the fact that 22 is a softer base than alkoxyl, 
and thus should attack preferentially the acetoxonium ion, which is a softer acid than 
the glycosyl cation. 

EXPERIMENTAL 

General. - Melting points are uncorrected. Optical rotations were measured 
with a Zeiss Kreispolarimeter. N.m.r. spectra were recorded on a JEOL FX-100 
Fourier-transform spectrometer operating at 100 MHz for ‘H and at 25 MHz for 
13C. Chemical shift values are relative to internal tetramethylsi~ane, and accurate to 



220 V. MAGNUS, 11. VlKli.-7OPI6, S. ICKKI~, S. h\‘FDFR 

-0.05 p.p.m. for 13C and -0.01 p.p.m. for ‘H resonances. The H.H coupling con- 

stants were derived directly from multiplrt spacings, and are accurate. in most cases. 

to _ 0.9 Hz. ‘H-Signals were assigned using double-irr3c~iation techniques. 

T.1.c. was performed on silica gel GF (Merck 1. with detection bq LI.V. I~LIOITS- 

cence. or by spraying with 10 ‘I,, ethanolic sulfuric aad and hcatrng. Prcparativc t.1.c 

was performed on silrcn gel PF,,, (Merck). and OO~LIII~II ~h1.otliat”gi.aJ~li~ on a 

column (65 K 7 cm) containing :I mixture of silica gel t-l (65 g) ;inil Cclitc (-IO g) 

(Kemikn, Zagreb. Yugoslavia). Dlchloromethanr~-diethyl ether ( IO I .S) w:~s used 

as the soivent for chromaiographic separations, cxccpi when aiateti i)i hcrwisti. 

3-Phenylpropan-I-ol was prepared by LiAIH, rcductron of cinnamlc acid in 

tetrahydrofuran ’ ’ and purified bq preparative t.I c. Other alcohnl~ were obtained 

from commercial sources. and were dried before use. ?.2.-t-‘l’rl-C)-:icet~l-/~-L-arabino- 

pyranosyl bromide (I), rn.p. 134 139 , [xlD +7X4 (c I. I .5. chlnroforrn 1. was prepared 

after Barczal-Martos and Kiiriisy’ ‘. 

~,3.4-T~i-O-rrc~rf~~l-r_-a~rthif?c)/J~~~trlro,re (22). ~~- To a solutloll of 1 (474 mg. 

I .4 mmol) In absolute acetone (10 mL). stirred in an Ice-bath. \vtxe added uatel 

(I 6.1 ,uL. 0.84 mmol ) and aliquots ofsilver carbonate (325 mg. I. I S nln~ol ) as descrtbcd 

for the preparation of 2.3,~,(1-tetla-0-~~cctyI-u-giucopyranosc “. The product was 

eiuted from 3 coiumti or sliica gei with dichiorometiiai~c-etiicr (2: i. i5ii mi: and 

I : I, 400 mL), to yield semi-crystalline 22Q (3x4 mg. 9Q” /, 1. R, t).-Kj (1 : I dichloro- 

methane-ether). ‘“C-N.m.r. data (CDC‘I,): ;j 170.5-1. 170.X (zcctyl (‘OX/~): 20.91. 

20.80, 90.70, 30.61 (ncetyl CH,z/,‘): 95.91 (C-la); 71.09, 70.3.?. hX.13 (C-‘.3,4Y)I 

64.05 (C-5,Xx); 90.74 (C-l/j); 69.21. 6X.79, 67.01 (C-2,3,qi). and 60.!7 (C-5/;). SIgnal 

intensities obtained with Inverse. gated proton decoupling indlcatcd an z/i-ratio of 

3:7. ‘H-N.m.r. data (C,D,,): (5 1.71, 1.70 (2 s . 7 0Ac~): 1.7-I 15, OAcx/i): 1.69, I.66 

(2 s. 2 OAcP); 3.0’ (bs. vanishing on addition of D,O. OH ): 4.37 rd. ./, ,?. 7.3 HI. 

H-l r); 5.31 (dd. J,,, 9.9 Hz. H-1~); 5.08 (dd, ./3,1 3.5 H7. I-I-3c/); 5.2-l (ddd, H-4~:): 

3.66 (dd, JA,s., 9.4 Hz, H-Sax): 3.91 (dd. J,,,,, 1.1 Hz. Jba,Sh I?.3 tH7. H-5bu): 5.46 
_. ,. . . 

(d, J,,z 3.5 H7_, H-i/j;); 5.48 !dd, .j2,3 1 I.9 HZ. W/j): 5.73 (III. .j3_J 3.4 Hz. H-3/1): 
5.43 (hidden m. H-4/1): 3.86 (dd. J5,5,, I.1 Hz, H-52/1): and 3.43 (tid. .Ia,<,, 1.1, 

J5.t.Sb 13.0 Hz, H-%/i). 

.-lnnl. Calc. for CIIHI(,Os: C, 47.83: H. 5.83. Found: C. 47 113: tl, 5.73. 

Cotdmwtim rf I II ith n/co/w/.r. ~~- Ronctions were carried OLIN in the dnrh. 

at room temperature, in anhydrous dichloromctha~~~-ether (3 I ). Tn a strrred solution 

of the alcohol (1.3 mmol) in solvent (20 1111~) contninlng anhq’dl-ous citlcium Sulfate 

(0.5 g) and dry silver oxide (0.15 g, 0.65 mmol) \f;ts added, in small portions during 

I h, a solution of 1 (I.1 mmol) in the banie amount of solvent. hlonitorlng of the 

reactlon by t.1.c. showed almost instantaneous consumption of I anti ;t constant 

product ratio throughout. The mixture was further agitated, during htoragc over- 

night, to avoid decomposition, and was then centrlfugcd. The \upcrnatant solution 

was concentrated ill WUW. and the residue was ~mmedialclq \uhjt~cted to colt~mtl 

chromatography. The pcracetylated orthocsters (12-21). with the Initial fractions 

enriched in the c~c/o isomers. wcrc cluted before the corresponding arablnoside tri- 
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acetates (2-11). For the isolation of by-products, the ether content of the eluent was 

gradually increased to 50%. Final purification of syrupy compounds was achieved 

by re-chromatography on the same column, or, with u.v.-absorbing aglycons, by 

preparative t.1.c. Crystalline glycosides were recrystallised from 50-70 % aqueous 

ethanol. 

(a) 2-PhenyletAanol. The quantities of calcium sulfate and silver oxide, and, 

if not stated otherwise, the overall solvent volume were kept unchanged, and the 

product was isolated by preparative t.1.c. 
C)_Phon,rldh~nnl anrl 1 ,WPIIP mnA~naw4 in wat-in,,c rnlmmt m;ut,wx A~t~;lwl ;n b-1 ll”LlJlulllcAll”l u1.u I “1WIV V”IIU~LIUIU 111 .UI,“U~ UVI”b,Ib IIIIALUIIU UtiCUIIUU ‘11 

Fig. 1 and Table I, which also contain overall yields and the resulting 14 : 4 ratios. 

A solution of 1 (388 mg, 1.14 mmol) in dichloromethane (15 mL) was added 

to a solution of 2-phenylethanol (161 mg, 1.32 mmol) in ether (20 mL), to give 4 

(186 mg, 45x), 14 (26 mg, 6 %), and 22 (95 mg, 30:<). 

When an excess of 2-phenylethanol (1.56 g, 12.78 mmol) was condensed with 

1.18 mmol (0.40 g) of 1, column chromatography of the products gave 4 (366 mg, 

82%) and 14 (20 mg, 4”:). 

(b) p-Nitrophenylmethanol and 3-phenylpropan-l-01. Under the general condi- 

tions, p-nitrophenylmethanol gave a 13 : 3 ratio of 1 : 1.4 and an overall yield of 38 %, 
wheresac the wcnwtive va!ups ~prp 1 : 7.1 and_ 399’ in rli~hlnmmpthanp-pthPr 185.151 ..______” __I_ _-yr ___-. _ ,” _-- --___-__ -_ __________ - -- - - . \ _ _ . _ I , . 
A 1 : 1 mixture of these solvents afforded 3 (29 %) and negligible amounts of 13. 

For 3-phenylpropan-l-01, the dichloromethane-ether proportions, the resulting 

15 :5 ratios, and the overall yields were: 75 :25, 1 :2.0, 62%; 85 : 15, 1 :3.7, 55 %; and 

50 : 50, 1 : 2.7, 59 %. 

2,3,4-Tri-0-acetyl-L-arabinopyranose (22afl). - Compounds 1 (401 mg, 1.18 

mmol) and 22&/I (414 mg, 1.5 mmol) were treated by the general method; the product 

mixture was subjected to column chromatography [elution with dichloromethane- 

ether, 3 : I (400 mL) and 1: 1 (500 mL)] to give minor amounts of unknowns, re- 

covered 22 (337 mg, 46 %), and the following products. 

3,4-Di-O-acetyl-l,2-0-~l-exo-(2’,3’,4’-tri-0-acetyl-cc-~-arabinopyranosyloxy~- 

ethylidenel-/?-L-arabinopyranose (24; 125 mg, 19 %), [E],, + 56 ’ (c 1.9, chloroform), 

R, 0.57 (2 : 1 dichloromethane-ether). 13C-N.m.r. data (CDCl,): 6 170.19, 169.99, 

169.77, 169.04 (5 acetyl CO); 20.88, 20.73, 20.61 (5 acetyl CH,); 121.36 (ethylidene 

C-l): 23.90 (ethylidene C-2); 97.30 (C-l); 74.56, 69.00, 65.88 (C-2,3,4); 62.36 (C-5); 

94.52 (C-l’); 70.16, 68.60, 67.48 (C-2’,3’,4’); and 63.26 (C-5’). ‘H-N.m.r. data 

(C,D,) 6 1.71, 1.68, 1.66, 1.60, 1.58 (in CDCl,: 2.14, 2.12, 2.08, 2.07, 2.03; 5 s, 15 H, 

5 OAc); 1.74 (in CDCl,: 1.70: s, 3 H, ethylidene CH,); 5.70 (in CDCl,: 5.59; d, 

1 H, J,,, 4.6 Hz, H-l); 4.47 (dd, 1 H, J2,3 5.6 Hz, H-2); 5.43 (dd, 1 H, J3,4 3.7 Hz, 

H-3); 5.31 (q, I H, H-4); 3.74 (dd, 1 H, J4,5a 3.8 Hz, H-5a); 3.48 (dd, 1 H, J4,5b 

3.8, Jsn 51, --,- 12.6 Hz, H-5b); 4.71 (d, 1 H, J,,;,, 7.0 Hz, H-l’); 5.56 (dd, 1 H, J2,,3, 

8.7 Hz, H-2’); 5.10 (dd, 1 H, J,,,,, 3.5 Hz, H-3’); 5.21 (m, 1 H, H-4’); 3.66 (in 

CDCl,: 4.05; dd, 1 H, J4,,5a, 3.2 Hz, H-5a’); and 2.92 (in CDCl,: 3.64; dd, I H, 

J 4,,5b, 1.7, J5a,,5b, 12.9 Hz, H-5b’). 

Anal.: Calc. for C,,H,,O,,: C, 49.44; H, 5.66. Found: C, 49.49; H, 5.90. 



3,4-Di-O-acetyf-1.2~0-r l-c~\-0-(2’,3’,~‘-tri-O-acc~yI-/~-~.-:~rabinof~yranosyloxy)- 

ethylidenel-/I-r -arabinopyranose (25: 57 mg. 9 “,,). [x](, + 1 17 (f, 4.3, chlorc~form ). 

R, 0.61 (2: 1 dichloronlethanc~cthcr-). ‘-‘C-N.m.r. data (CDCI,): (i 170 IX. 109.97. 

169.69. 169.60 (5 acetyl CO); ?Ci.Yl . 20.73 (5 acctyl CkI,): iZZ.41 (clhylidcnc C-l ): 

24.53 (ethylidcnc C-Z): Y7 29 (C-1 ): 75 OX. OX.SS. h5.81 (C-11.3.4): h.?..?7 (C-5): 40.54 

(C-l’): 68.46, 67.76. 66.%X (C-_!‘.3’.4’); and hi.15 (C-i’). ‘Ii-h m.r data (C’,,D,,): 

ii 1.75, 1.60. 1.62, 1.57 (in CDCI,: 1.1-f, 2.1 I. 2.07. 11.01: -f x. IS H. 5 OAc): 1.77 

(in CDCI,: 1.72: s, .3 H. cth>~l~Jwe CH,): 5.40 (111 CDCI,: 5.%: J. I I-i. ,I,,, 3.9 l-11, 

H-l ): 4.37 (dd, 1 H, J,,, 5.7 Hz. H-2): 5.G (dd. 1 H. JT,.i 3.4 Hr. H-i): 5.28 (td, 

1 H, H-4): 3.67 (dd, I H. ./s..i., -1.7 H7, H-S,): 3.40 (dd. I H. ..I4 >,, 17. ,I,.,,>,, I_’ 4 Hz. 

H-5h): 5.8.0 (m. 3 fj. H-l ‘,2’.3’). 5.45.5 (hidden rn~ H-4’): 3.75 (II? CDCI;: 

4.14: dd. 1 H, J,,,,,,, I.2 Hz. H-5~1’); and 3.33 (in CDCI,: 3.70. dti. I H..i, ,‘,_, 1.0. 

J.;,,,.ih, 13.1 Ifr, I-I-5b’). 

.-~/IQ/.: Calc. for C22H,,,0,,: C, 49.31: H. 5.66. Found: C. 39.71: Ff. 5.38. 

Compound 26, tentatively identified ;I> ‘.?,l-tri-O-acctyl-1-L-:1rabino~)rano~~,l 

2,).~-tri-O-acetyl-1-I -arablnopyr.anosido (20 mg. 3 o/j ). K, 0.53 (2 1 Jlchlor-ometllanc 

ether). ‘“C-N.m.r. dala (CD<‘],): 8 170.0h. lhX.YY (ace&l CO): .ZO.SJ. 3O.hh. JO.56 

(acetyl CH,); YS.lZ (2 C’-I ): 6X.95, 6X.80. 66.37 (L, C-2.3.1): and (>J.Oh (2 C-F). 

‘H-N.m.r. data (C,,D,): <i 1.88 (d. I? H. .I ,,I 5.? t-1~. .! H-f ): 5.5-I (dd. 7 H. ./Z,.i 7.1 

Hr, 2 H-2); 5.25 (dti. ? H. .I.,., 3.2 H/. 2 l-1-3 ): -5.3 (hidden 111. 3 H. ? H-3): 3.76 

(dd, 2 H, J,,.<., 4.X HL. 2 H-k); 3.0X (dd. 2 H. ./1,5h Z.6. </\, Sh I-‘.? tHz. 2 f-l-%): 

and 1.79, 1.65, 1.60 (3 h. IX 11. 6 OAc). 

Siltvr n.~it/~~-c~crttrl~~.vc~~l r/ccw~~ywsirir)ll of‘ 1. -- A solution of I (392 my. I I h 

mmol) in dichloromethane ether (3 : I . 20 mL) was added to ;I suspension of SIIVCI 

oxide (I50 mg, 0.65 mmol) and anhydrous calcium sulfate r0.5 g) III the ame solwnt. 

as specified in the general procedure. Column chromatography ofthe product ml~ture 

[cfution with dichloromethLine-~ctl~er~ IO: 1.5 (150 mL’J, 3. I (X0 nrI_). 7: I (150 mL). 

and 1 : 1 (400 ml )] gave 22 ( I7 I mg. 53 I’,,). 23 (I 6 mg. 3 ‘l,l). and 24 (41 mg. 7 “(, ). 

and minor amounts of unhnown compounds. 

Cllmr.ac.frr.i.c.~~rir~t~ c?f’pd~~f.s. -.- Analytical data. m.p.. and specltic rotaticrn:, ol‘ 

compounds 2-21 are summariacd in Table III. N.m.r. data arc pr-cscnktl in Table 

IV and V. While the “C spectrum of 6 accords with published ~alucs’“. variation 

of the aglycon morcty camxs shielding of C-l by up to 6 p.p.rn.. \chich I\ more than 

the chemical shift difference trep<>rted”’ for 6a and 6/1. Or-tIlocatcr> 12 21 showed 

singlets (ZC) in the acetyl carbonyl and methyl regions. the cthyliclenc C’- I .Z at _ I Z.? 

ant! _ 13 p.p.m_, rcspeclivcly” , :md the anomerlc C shifted to _ Y7 p.p.m. Also, 

their H-2 resonances wt‘rc _ I p.p.m lxzlow thos,c of‘the corresponding arabinosidrs, 

and the ethylidene Cfi, signal \vas scpara~ed rrom the acet)i signals. I’icinal H,fH- 

coupling constants are of the same order- of mngmtudc ax those de>crlbed for /r-t.- 

arabinopyranosc: I ,?-(lndol- 1 -yl ~rtho;lcetatc~)“‘. r-D-gILlcDpS.r;iIiOst 1.2-(nlfiyl ortho- 

acctatcs)’ ‘1% ~.(,-O-ben7~lidcrle-2-l~-g~lactof7yr~i~i~~~~ 1 .?-orthoc5teri ‘. ;iiid I.‘-#- 
,11k \~li,i~,,~_~,Irlnn,~,-~,t,,~o ,I,,,-;\,~,*.\~.~~~-.~~ t1>.,. Y...J’.UL’.~ “‘“\‘~,JrcLll\r.,b LX\-ISY‘lCIICil . I,iL,,> LvB,,!,,,,,,,;< .~r\n+;‘-w,;,-rrr the .,hr,>; .-.\.~,~.,l.m.rt;,rn \1’111C1111l‘,ll\l1, 

of the pyranoid system caused by the prrsencc of a I.7-(~i.~-f‘usc~i dro\ol:tnc ring 1.h~ 
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exo-alkoxyl isomers of 12-21 were distinguished from their endo analogues by the 

reported 10*25 larger chemical shift of the signals for the ethylidene CH, protons, 

Compounds 24 and 25, established as isomers by elemental analysis, showed 

the r3C signals of arabino-orthoesters (Table IV) and additional sets of peaks at 

chemical shifts close to those observed for 22a (for 24) and 22/I (for 25). Similar 

analogies hold for the *H-n.m.r. spectra. Also, the specific rotation is more positive 

for 25. 

Compound 26 was available in relatively small and impure samples, and the 
nmr ~r&rrnm,=n+ nf ~+,-,,P+,,,-P ;c thmefm-0 tsmt-+Lm ThP n..mhm. nf 13P -nA ‘H 11.111.1. u~.?.I~.LIII~IIL “L cJc.1 UULUIti L.7 LLI”L~~“IL CLIIILICI”L,. 11‘b llUlll”Cl “1 b allu 

signals was the same as for 22, except that there was no evidence for the existence of 

free hydroxyl group (proton spectrum unchanged on addition of D,O). These data 

are consistent with a symmetrical dimer, while the synthetic route used and the C-l, 1’ 

shifts suggest the 1,l ‘-linkage. The cc,cc-configuration is indicated by the H,H-coupling 

constants and the large, benzene-induced difference in chemical shift for H-5a and 

H-5b, which was also observed for some a-L-arabinopyranoside triacetates (Table V), 

22a, and the 2,3,4-tri-O-acetyl-a-L-arabinopyranosyl moiety of 24, whereas this 

difference was smaller for 228 and the acetylated P-L-arabinopyranosyl moiety of 25. 
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